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摘 要 
第一部分 Pygopus-2在 HCC中高表达与病人恶性预后密切相关 
Pygopus-2 是经典 Wnt/β-Catenin 信号通路转录复合体的重要成分。本研究目
的是观察在原发性肝癌中 Pygopus-2 的表达情况及相关的临床病理意义。RT-PCR
的方法检测 50 对肝癌病人组织标本中癌组织与癌旁组织中 Pygopus-2 的 mRNA
表达情况，结果发现癌组织中 Pygopus-2 的 mRNA 水平明显高于癌旁组织
(P=0.009)。免疫组化分析显示异常表达的 Pygopus-2 蛋白与肝癌病人的年龄
(P=0.025)、肿瘤大小(P=0.005)、肝内外转移(P=0.029)、组织分化(P=0.004)以及
脉管癌栓侵犯(P=0.026)密切相关。肝癌组织中 Pygopus-2 蛋白表达越高总的生存
越差，2 年生存率越低。Cox 危险因素回归模型分析显示 Pygopus-2 蛋白的高表
达是原发性肝癌预后的独立危险因素(P=0.043)。本研究为首次报道 Pygopus-2 在
肝癌中的异常表达与病人临床病理之间的相关性。我们的研究表明 Pygopus-2 可
能是一个重要的检测肝癌病人预后的标志物，并且可能作为一个很好的原发性肝
癌的生物标志物。 
第二部分 Pygopus-2通过下调 E-cadherin促进原发性肝癌侵袭转移 
据报道，Pygopus-2 在众多恶性肿瘤中异常高表达，比如卵巢癌、乳腺癌、
肺癌等。尽管我们先前研究发现 Pygopus-2 的 mRNA 与蛋白水平与肝癌病人的
预后密切相关，但是我们仍不清楚 Pygopus-2是如何调控肝癌细胞侵袭与转移的。
本研究表明运用小干扰 RNA 沉默 Pygopus-2 的表达可以抑制肝癌细胞的侵袭转
移，相反，异位表达 Pygopus-2 蛋白可以促进肝癌细胞的侵袭转移。机制研究显
示，Pygopus-2促进肝癌细胞的侵袭转移效应是通过抑制E-cadherin表达实现的，
Pygopus-2 不仅可以结合 E-cadherin 的启动子促进该区域 DNA 甲基化直接抑制
E-cadherin 的表达，而且可以通过上调 E-cadherin 转录因子 ZEB2 间接抑制
E-cadherin 的转录从而下调 E-cadherin。总之，本研究表明 Pygopus-2 在表观遗传
学机制与转录调控中发挥双重作用下调 E-cadherin 水平，促进肝癌侵袭与转移。
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因此，通过抑制 Pygopus-2 的表达来抑制肝癌的侵袭与转移可以为原发性肝癌的
靶向治疗提供新思路。 
关键词：Pygopus-2 原发性肝癌 预后 转移 
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Abstract 
Part 1 Abnormal nuclear expression of Pygopus-2 in human primary 
hepatocellular carcinoma correlates with a poor prognosis 
Pygopus-2 (Pygo2) is a critical element of thecanonical Wnt/β-Catenin 
transcriptional complex. The aim of the present study was to investigate theexpression 
patterns and clinic pathological  significance of Pygo2 in human primary 
hepatocellular carcinoma (HCC). Real-time polymerase chainreaction (PCR) analysis 
of the mRNA levels of Pygo2 in 50 paired HCC cancer/adjacent non-cancerous 
tissues showed that Pygo2 mRNA expression was significantly higher in cancerous 
tissues (P=0.009). Immunohistochemical analysis showed that abnormalPygo2 protein 
expression in HCC patients was associated with age (P=0.025), tumor size 
(P=0.005),intra- or extra-hepatic metastasis (P=0.029), vascular invasion (P=0.026) 
and tumor differentiation(P=0.004). Patients with normal Pygo2 proteinexpression 
showed a longer survival time (P=0.031)and a higher 2-year survival rate (P=0.032) 
thanthose with abnormal Pygo2 expression. Cox’s proportional hazard regression 
model showed that abnormalPygo2 protein expression was a risk factor 
associatedwith the prognosis of HCC patients (P=0.043).Conclusion: To the best of 
our knowledge, this is thefirst report investigating Pygo2 expression patternsand their 
clinicopathological significance in HCC. Ourfindings suggest that Pygo2 may be an 
importantpredictor of poor outcome in HCC patients, and couldserve as a novel 
biomarker for HCC. 
Part 2 Pygopus-2 promotes invasion and metastasis of hepatic 
carcinoma cell by decreasing E-cadherin expression 
Pygopus-2 over-expression has been reported in several malignancies, such as 
ovarian, breast and lung cancers. Despite our previous research has found that 
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Pygopus-2 messenger RNA and protein is over-expressed in human liver cancerous 
tissues and associated with a poor prognosis of HCC patients, little is known about 
whether Pygopus-2 can regulate hepatic carcinoma cell invasion and metastasis. Our 
present study demonstrated that down-regulated Pygopus-2 expression by short 
hairpin RNA approach inhibits hepatic carcinoma cell invasion in vitro and metastasis 
in xenograft tumor models, which were effectively promoted when expression of 
Pygopus-2 was over-expressed. Mechanistic study showed that the capacity of 
Pygopus-2 to positively regulate hepatic carcinoma cell invasion and metastasis 
potency is mediated by repression of E-cadherin expression, not only by binding to 
and promoting its promoter methylation directly but also via up-regulating zeb2 
expression indirectly. Taken together, our study demonstrates an important role for 
Pygopus-2 in mediating the effects of zeb2 and E-cadherin expression as well as 
invasiveness in human hepatic carcinoma cells. Hence, consideration of targeted 
suppression of Pygopus-2 to inhibit metastasis of hepatic carcinoma is warranted. 
Keywords : Pygopus-2;hepatocellular carcinoma;prognosis;metastasis 
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英文缩略表 
英文缩写 英文全名 中文全名 
HCC Hepatocellular Carcinoma 肝细胞癌（肝癌） 
PYGO2 pygopus family PHD finger 2 
鳞足蜥家族 PHD 锌指结
构 2 
E-Ca E-Caherin 钙粘蛋白 
PCR polymerase chain reaction 聚合酶链反应 
RT-PCR 
reverse transeription polymerase 
chain reaction 
逆转录聚合酶链反应 
qPCR 
real time fluorescence quantitative 
PCR 
实时荧光定量聚合酶链
反应 
IHC Immunohistochemistry 免疫组织化学 
DNA deoxyribonucleic acid 脱氧核糖核酸 
dsDNA double-stranded DNA 双链 DNA 
RNA ribonucleic acid 核糖核酸 
mRNA messagerRibonucleic acid 信使 RNA 
dNTP deoxyribonucleoside triphosphate 脱氧核糖三磷酸 
E.coli Escherichia coli 大肠杆菌 
CDS coding sequence 编码序列 
RNAi RNA interference RNA 干扰 
siRNA small interfering RNA 小干扰 RNA 
cDNA complement deoxyribonucleic acid 互补脱氧核糖核酸 
shRNA short hairpin RNA 短发夹 RNA 
RNase A Robonuclease A 核糖核酸酶 A 
DMEM Dulbecco’s Modified Eagle Media DMEM 细胞培养基 
FBS Fetal Bovine Serum 胎牛血清 
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PBS Phosphate Buffered Saline 磷酸盐缓冲液 
PVDF polyvinylidene fluoride 聚偏二氟乙烯膜 
SSC saline sodium citrate 柠檬酸钠缓冲液 
TAE Tris-acetate-EDTA 
三羟甲基氨基甲烷-冰乙
酸-乙二胺四乙酸 
PMSF Phenylmethanesulfonyl fluoride 苯甲基磺酰氟 
RIPA Radio Immunoprecipitation Assay 放射免疫沉淀分析 
TBST Tris-Buffered Saline and Tween 20 TBST 洗膜液 
HBV 
AFP 
Hepatitis B virus 
alpha-fetoprotein 
乙型肝炎病毒 
甲胎蛋白 
WB Western blotting 蛋白免疫印迹 
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